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Abstract
Background: We evaluated the safety and e�cacy of high-frequency repetitive transcranial magnetic
stimulation (HF-rTMS) in major neurocognitive disorder (NCD) patients with depression.

Methods: In this single blind, sham-controlled clinical trial, 58 patients of major NCD with clinically
signi�cant depressive symptoms (Cornell Depression Scale for Dementia, CSDD ≥ 7) were enrolled and
randomly (1:1) assigned for a three-week treatment of either active rTMS (10 Hz, 120% motor threshold,
1500 pulses/session) or sham (placebo-controlled) rTMS treatment. Structural magnetic resonance
imaging (MRI) scans were employed to localize the stimulation targets and guide the TMS coil during the
treatment. Severity of depressive symptoms, global cognitive function and the serum brain-derived
neurotrophic factor (BDNF) level were evaluated at baseline, post-intervention and 6-weeks and 12-weeks
follow-ups.

Results: Twenty-seven participants were randomized to receive active rTMS and 28 to receive sham
rTMS. Both groups showed improvement in depressive symptoms and cognitive function after 3 weeks
rTMS treatment. Logistic regression analysis revealed that older age (p = 0.016), higher baseline cognitive
function (p = 0.041) and randomization group (p = 0.025) were associated with the remission of
depression (Nagelkerke R2 = 0.42).

Conclusions: A 3-week course of 10 Hz rTMS appears to be a safe intervention for bringing quicker
remission of depression for neurocognitive disorder patients.

Trial registration: ClinicalTrials.gov, ChiCTR-IOR-16008191. Registered on March 30, 2016.

Background
The burden of dementia is complicated by the presence of comorbid neuropsychiatric symptoms, of
which depression is one of the prominent and distressing symptoms [1, 2]. Meta-analyses estimated that
depression affects nearly 25% of mild neurocognitive disorder (NCD) patients, and 40% in clinical
populations [3, 4]. Another study focusing on community-residing senior adults reported that over 60% of
seniors in Hong Kong suffering from the co-existence of NCD and depression [5]. It is worth noting that
depressive symptoms occur through the disease course from prodromal to severe phase of dementia [6].

The aetiology for depressive disorder is complex. Depression in NCD is further complicated by underlying
neurodegeneration, in�ammatory and immune reactions associated with the speci�c dementia
pathologies [7]. Effective management of depressive symptoms in people with NCD requires more than
functional restoration of neurotransmitter imbalance in primary depressive disorders. It requires an
adaptive process with degenerating central nervous system, of which the impaired neuroplasticity is
considered as the overlapping neurobiological mechanism that underlies cognitive impairments and
depression [7]. Moreover, it has been proposed that the progression of cognitive impairment is related to
the dysfunction of frontal cortex, which may account for the aetiology of depression in different subtypes
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of NCD [8, 9]. Magnetic resonance imaging (MRI) studies also reported the presence hypoperfusion and
disturbed connectivity of left dorsolateral prefrontal cortex (DLPFC) in NCD comorbid depression [10–12].

Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation technique that has
generated considerable attention as a safe and effective non-pharmacological treatment of several
neuropsychiatric and neurological disorders, including major depressive disorder [13], Alzheimer’s disease
[14], vascular disease [15], The putative mechanism on the therapeutic effect of TMS is related to the
modulation of neuroplasticity by inducing the �ow of electric current at the surface of cerebral cortex
through sequence of powerful, rapidly changing magnetic �eld pulses [16]. There is preliminary evidence
to support the antidepressant effect of high-frequency repetitive TMS (HF-rTMS) over left DLPFC for
individuals with vascular depression not responsive to pharmacological treatment [17, 18]. On the cellular
level, signi�cant changes of synaptic plasticity with the presence of increased expression of serum brain-
derived neurotrophic factor (BDNF) after successive rTMS treatment in mouse models of brain ageing
and dementia [19]. Interestingly, several studies using TMS to enhance cognitive function in dementia
patients, also found an improvement in depressive symptoms [20, 21]. Meanwhile, it should be noted that
individual differences in the treatment of depression inferred from observational studies and clinical trials
could present considerable problems in interpreting the effect of TMS, such as placebo effect [22],
neuroanatomical heterogeneity due to age-related brain atrophy [23].

Meanwhile, it remains unclear about the e�cacy and sustainability of placebo-controlled HF-rTMS in
NCD patients suffering from depression. Thus, the aims of this study included: (1) to evaluate the
feasibility, safety and e�cacy of neuronavigated 3-week HF-rTMS in the treatment of depression in major
NCD patients; (2) to examine the potential predictors of the sustainable effect of HF-rTMS on depressive
symptoms and cognitive function during a 2-month follow-up period; (3) to investigate the paralleled
changes in serum BDNF level after HF-rTMS treatment.

Methods
Study design

This study was a single-blind (participant), sham-controlled randomized clinical trial conducted at the
Chen Wai Wai Vivien Foundation Therapeutic Physical Mental Exercise Centre at the Department of
Psychiatry of the Chinese University of Hong Kong from August 2016 to March 2019 (ChiCTR-IOR-
16008191). The logistics of this trial was followed the Consolidated Standards of Reporting Trials
(CONSORT) �ow diagram (Figure 1). Eligible participants were enrolled and randomly assigned to a three-
week intervention of either active rTMS or sham rTMS. After the intervention, participants were followed
for 8 weeks.

The inclusion criteria include [24]: (1) Aged from 60 to 90 years old; (2) DSM-5 diagnosis of either major
neurocognitive disorder due to Alzheimer’s disease (NCD-AD) or major neurocognitive disorder due to
vascular disease (NCD-vascular), including signi�cant cognitive decline in the core domains of cognitive
function (attention, memory, perceptual-motor, language and executive function), and with clinical or
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neuroimaging features indicative of either AD or small vessel disease; (4) Cornell scale for depression in
dementia (CSDD) with a rating score of 7 or above, indicating clinically depression [25]. Throughout the
trial, anti-dementia and other psychotropic medication were kept constant and recorded.

We excluded the participants who had a history of primary bipolar or other psychotic disorders, and major
neurological disorders, including stroke, transient ischemic attack or traumatic brain injury. The
participants were also excluded if they were unable to attend the MRI scanning and rTMS session due to
contraindications (e.g., metal on or inside the body).

Randomization and masking

We randomly assigned the participants (1:1) to receive either active rTMS or sham rTMS. We masked the
participants, caregivers, and assessors at the center to intervention assignment. The research staff
performing the rTMS was open to the randomization status. The participants who voluntarily withdrew or
discontinued the rTMS treatment due to a serious adverse event, no further data from the point of
withdrawal was collected.

Procedures

Pre-intervention and preparation 

Structural magnetic resonance imaging (sMRI) data was acquired using a 3T MRI scanner (Philips
Healthcare, Best, Netherlands) at the Prince of Wales Hospital in Hong Kong. The T1-weighted
magnetization prepared rapid gradient echo (MPRAGE) sequence was empirically optimized for the grey-
white contrast, with repetition time (TR) = 7.6 ms, echo time (TE) = 3.5ms, �eld of view (FOV) = 230 mm,
thickness = 0.6 mm, axial acquisition with a 256 × 256 × 192 matrix, �ip angle (FA) = 15o and the voxel
size of 1 mm × 1 mm × 1 mm.

Neuronavigated rTMS intervention

As shown in Figure 2, the pipeline of neuronavigated rTMS intervention contained three parts: (1)
Reconstruction and localization: Based on individual sMRI data, we �rstly reconstructed the scalp and
cortex, and then localized the targets of interest labelled with the Montreal Neurological Institute (MNI)
coordinates (x, y, z) (Figure 2A); (2) Measurement of motor threshold (MT) [26]: MT was measured
through the single-pulse TMS over left primary motor cortex (M1, hand area) prior to the �rst treatment.
The MT was de�ned as the minimum stimulus intensity required to evoke an motor evoked potential
(MEP) with a peak-to-peak amplitude ≥ 50μV in at least 5 out of 10 consecutive trials recorded in the
electromyography (EMG) system (Figure 2B); (3) Treatment: 10 Hz high-frequency rTMS over left DLPFC
was provided by using Magstim Super Rapid stimulator (Magstim, UK) that generates short duration
biphasic pulses. The Magstim 70 mm �gure-8 coil (AirFilm® Coil AFC) was held in place with a custom-
made stand tangential to the scalp with the handle pointing back and away from the midline at 45˚
(Figure 2C).
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An MRI-to-head coregistration was performed to localize the anatomical landmarks individually. Once
successfully coregistered, a real-time infrared tracking system (Polaris Northern Digital) was used to
monitor the coil position and the orientation of the stimulation targets. As mentioned, we targeted the
location of left DLPFC with the MNI coordinates as [x = –46, y = 45, z = 38], being carefully to locate this
region within the grey matter on the top of middle frontal gyrus in the Brainsight system [26-28].

The HF-rTMS intensity was set at 120% of MT, and 30 trains of 10 Hz stimulation with 5-second
stimulation duration and 25-second interval. This protocol resulted in the delivery of 1500 pulses in each
rTMS treatment session. The treatment schedule was 1 session per day, 5 days per week, lasting for 3
weeks. In the condition of sham rTMS, same coil was used for single blind trial in order to compensate
for the acoustic and other non-speci�c effect [29].

Intervention schedule

Fifteen sessions of HF-rTMS were conducted by trained clinician. Outcome measures were collected at
T0 (baseline), T1 (3rd week, post-intervention), T2 (6th week, 3 weeks post-intervention,) and T3 (12th

week, 6 weeks post-intervention). All research staffs were trained to ensure the data accuracy,
consistency and completeness.

Outcome measures

Primary outcomes

1. Severity of depression: Cornell Scale for Depression in Dementia (CSDD) was used for assessing
depressive symptoms. In this study, a cutoff score of 7 indicated clinically signi�cant depression in
NCD patients. Responders were de�ned as having a 50% reduction in the CSDD scores from the
baseline [30,31].

2. Global cognitive function: The Montreal Cognitive Assessment (MoCA) Hong Kong version was used
to measure the global cognitive changes associated with intervention [32,33].

Secondary outcomes:

1. Neuropsychiatric symptoms: The Chinese Neuropsychiatric Inventory (NPI) was used to assess the
changes of neuropsychiatric symptoms across twelve domains [34].

2. Quality of life: Quality of Life in Alzheimer's disease scale (QoL-AD), including both patient and
caregiver components, is a 13-item scale designed for generic measure of the quality of life in
dementia patients [35].

3. Brain-derived neurotrophic factor (BDNF) level was used as a peripheral marker of neuroplastic
response [36]. Serum BDNF was assayed in duplicate according to the manufacturer's instructions
(R&D Systems, Inc., Minneapolis, MN, USA).

4. Adverse events: Adverse Event Checklist (AEC) covering the potential adverse effect associated with
HF-rTMS administration was conducted in each assessment point through the study [37].
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Statistical analysis

Analyses were on an intention-to-treat basis. Linear mixed models were conducted to assess the
differences between intervention groups on the primary and secondary outcomes at each time point.
Treatment, time points, and their interaction were modeled as �xed effect. Participants were modeled as
random effect at different time points. Score changes of depression score and global cognition from
baseline to each follow-up point and intervention group were tested with occasions (time points) at level
one and participants at level two. Cohen’s d was calculated as a measure of effect size, of which Cohen’s
d ≥ 0.8 refers to a strong effect, 0.5 ≤ Cohen’s d < 0.8 refers to a moderate effect and Cohen’s d < 0.5
means the effect is statistically signi�cant but weak [38]. All analyses were performed using SPSS
Statistics 24.0 (IBM, Armonk, NY).

Results
Demographics and clinical characteristics

Between June 2016 and March 2019, 100 participants were screened for the eligibility, of which 55 were
randomly assigned to receive active rTMS (n = 27) or sham rTMS (n = 28) (Figure 1). During the whole
study period, 2 cases (7.4%) of 27 participants in the active rTMS group and 1 (3.6%) of 28 in the sham
rTMS group withdrew. Therefore, 52 participants were included in the e�cacy analysis.

Baseline demographics and clinical characteristics of participants were balanced between the
randomized groups (Table 1). The mean age of sham rTMS group (73.7 ± 7.2 years) was older than the
active rTMS group (69.2 ± 7.3 years) (t-test, p = 0.02). There were no group differences in sex, years of
education, severity of depression and global cognitive function at baseline. Reviews of regular
medication showed no differences of antipsychotic, anti-hypertension, antidepressant medications taken
between active and sham rTMS groups.

Outcome measures

For the clinical outcome, there were signi�cant reductions of depressive symptoms (measured by CSDD)
and improvements in global cognitive function (measured by MoCA) in both intervention groups. The
score changes of CSDD from baseline to T1 was 3.24 (SE 0.71) for active rTMS group (Cohen’s d = 0.92;
p < 0.001) and 2.15 (SE 0.62) for sham rTMS group (Cohen’s d = 0.66; p = 0.002). The score change of
MoCA from baseline to T1 was 1.96 (SE 0.42) for active rTMS group (Cohen’s d = 0.93; p < 0.001) and
2.07 (SE 0.61) for sham rTMS group (Cohen’s d = 0.65; p = 0.002). The improvements of mood and global
cognitive function persisted in 12 weeks (T3) in both groups (active rTMS: CSDD: Cohen’s d = 0.74; p <
0.001; MoCA: Cohen’s d = 0.5; p < 0.001), but the magnitude of improvement declined over time,
particularly in sham rTMS group (sham rTMS: CSDD: Cohen’s d = 0.49; p = 0.028; MoCA: Cohen’s d = 0.26;
p = 0.012).
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There was no group difference in the score changes of CSDD at 3 weeks in active and sham rTMS group
(Cohen’s d = 0.33; p = 0.249) (Figure 3A). Similarly, no group differences were found in the score changes
of MoCA (Cohen’s d = 0.04; p = 0.878; Figure 3B). Additionally, score changes of CSDD and MoCA at
either 6 weeks or 12 weeks were not different between the groups (Cohen’s d = 0.31; p = 0.279).

Across all the follow-up time points (T1, T2 and T3), there were no group differences in the primary
outcomes of the raw scores of CSDD and MoCA (Table 3). No signi�cant differences were observed for
the scores of NPI, QoL-AD and adverse events between the groups.

Response rate and remission rate

Participants in active rTMS group had a 25.5% reduction in their CSDD score at 12 weeks compared with
21.8% reduction in sham rTMS group. Response rate, de�ned as ≥ 50% improvement on CSDD score,
was observed in 4 cases (16%) for active rTMS group versus 4 (14%) for sham rTMS group at 3 weeks
and 12 weeks (Figure 4A).

The proportion of participants achieving clinical remission was evaluated. At 3 weeks, 8 cases (32%) of
the active rTMS group and 3 cases (11%) of the sham rTMS group were classi�ed as in remission (p =
0.07). At the endpoint of this study (T3), 5 cases (20%) of the active rTMS group and 5 cases (18%) of the
sham rTMS group were classi�ed as in remission (Figure 4B). The proportion of cases with remission did
not differ between two groups at 6 weeks and 12 weeks. Logistic regression analysis revealed that older
age (p = 0.016), higher baseline cognitive function (MoCA, p = 0.041) and randomization group (i.e.,
active rTMS) (p = 0.025) were associated with clinical remission after the intervention at 3 weeks
(Nagelkerke R2 = 0.42). Randomization group was not a signi�cant factor for clinical remission at 6
weeks and 12 weeks.

BDNF levels

There were no associations between baseline BDNF level and depression or cognitive scores. At T1, the
BDNF level of active rTMS group showed a marginally signi�cant increase compared with sham rTMS
group (p = 0.05). There was no group difference in the BDNF levels across all the time points (T0 to T3).
Using age and education as covariates, a weak but statistically non-signi�cant association between
BDNF level and decreased CSDD score was observed in active rTMS group (r = -0.677, p = 0.065) at T1,
but not detected in sham rTMS group (r = -0.537, p = 0.136).

Discussion
The main purpose of this study was to examine the feasibility, safety and e�cacy of MRI imaged-guided
high-frequency rTMS over left DLPFC for treating depressive symptoms in neurocognitive disorders. We
found that a 3-week 15 session HF-rTMS treatment, either active HF-rTMS or sham HF-rTMS,
demonstrated a positive effect on ameliorating depressive symptoms and enhancing the global cognitive
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function in major NCD patients with depression, but active rTMS group appeared to have a higher
remission rate than sham rTMS group after 3 weeks of intervention.

The antidepressant effect of HF-rTMS has been demonstrated in the treatment of major depression in
young and middle-age adults, and there is also accelerating evidence to support its use in late-life
depression and depression in neurologic disorders [39–41]. Although a few investigations found that
there were reductions of depressive symptoms in older adults with treatment-resistant depression or
vascular depression after rTMS treatment [17, 42], the clinical effectiveness of rTMS in these studies were
not consistent. For instance, Figiel et al conducted an open-label trial and found that HF-rTMS can
produce a modest antidepressant effect in older patients with a response rate of 23%, which was lower
than the patients with younger age (56%) [43]. Later, Fabre et al reported a similar result but with a higher
response rate (45%) in elderly patients [44]. With respect to placebo-controlled trials, Mosimann et al
found that the e�cacy of active rTMS was not superior to sham rTMS for treating depression in older
adults [45], and similarly, Manes et al reported no reductions in depression severity after active rTMS
treatment in elderly patients [46].

Stemming from the heterogeneous results across the rTMS studies, some conclusions for rTMS
treatment could be outlined here: (1) the effectiveness of sham rTMS and (2) age-related rTMS effect on
depressive symptoms. Of the reported cases, the differences of response rate may be related to the
absence of sham condition; whereas the available randomized controlled trials (RCTs) indicate that
active rTMS has only mild to modest improvements on depression and a comparable effect size in
comparison with sham rTMS. Our results con�rmed the similar response rate in active rTMS group (18%)
and sham rTMS group (16%) at 3 weeks and 12 weeks. The remission rate in active rTMS group (32%)
was higher than sham rTMS group (11%) at 3 weeks. Although the antidepressant effect in both
intervention groups was gradually diminished over time, our �ndings suggest that randomization group is
a key factor related to the positive clinical outcome in major NCD with depression. Meanwhile, sham
intervention is an important consideration for RCTs as placebo effect should not be ignored. Especially,
recent study has reported that sham rTMS can change the underlying brain connectivity just as active
rTMS did when treating depression [47].

In terms of age-related rTMS effect, the magnitude of the antidepressant effect of rTMS varies
considerably in depressed patients across the age spectrum [17, 39–45]. The question as to whether age
can be used as a predictor to the e�cacy of rTMS is one of the topics �ercely debated in recent years. On
one hand, initial RCTs indicate that old age may be a poor predictor of the response to rTMS, with lower
response rate in elderly patients [45, 46], of which this conclusion is not supported by meta-analyses and
recent report [48–50]. On the other hand, advanced age has been shown to correlate with better response
to rTMS [50, 51]. We found that the patients with older age appeared to have a better response to rTMS at
3 weeks. Notably, the link between age and treatment-induced effect in depressed patients has also been
highlighted by Cuijpers and colleagues [52]. This meta-analysis found that cognitive behavioral therapy
was less effective in children and adolescents rather than adults. Consequently, it seems that age, as a
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predictive factor, is not just evident in, but also speci�c to, treatment-induced effect, which is worth to
investigate in future studies.

Upon the antidepressant effect of HF-rTMS, another interesting �nding is a synergistic effect on cognitive
function across all the follow-up observations. In fact, it is not surprising to observe the amelioration of
depression, is often in association with enhanced cognitive function [44], because of the overlapping
mechanisms of depression and cognitive de�cits, such decreased cortical activities [10, 11], impaired
neuroplasticity [12]. Accordingly, it is quite reasonable to observe the changes of mood and cognitive
function after active rTMS, as the mechanisms underlying the treatment effect of HF-rTMS are
associated with an enhanced cortical excitability and neuroplasticity [25]. Interestingly, the synergistic
effect on global cognitive function and depression was also found in sham rTMS group.

rTMS, as an adjuvant treatment, that offers additional bene�ts on cognitive function are worth
considering, especially in the context of neurodegeneration. Even though this phenomenon has been
reported by a few small-scale studies [14, 53], the dissociable cognitive trajectories in active and sham
rTMS groups indicate that rTMS may have differential effect on mood regulation and cognitive function
characterizing with neuroplasticity. Unfortunately, although the serum BDNF level of active rTMS group
showed a marginally signi�cant increase compared with sham rTMS group, no noticeable associations
were detected between baseline BDNF level and depression or cognitive scores.

This study has limitations. The absence of the subtypes of major NCD patients may limit the
interpretations of the treatment e�cacy of rTMS in disease-speci�c populations. Another important
limitation was a confounder of routine pharmacological treatments during the study period. Although we
did not detect any differences in the medications administered to the participants of two randomized
groups, there might have potential impact on the e�cacy of HF-rTMS. On the other hand, this study has
strengths including personalized neuronavigation, sham condition and real-time feedbacks of coil
position during the rTMS. These factors led to an e�cient and precise study design that we hope will
address the aims.

Conclusions
A three-week 10 Hz rTMS over left DLPFC, either active or sham, resulted in reduction of depressive
symptoms and enhancement of global cognitive function in elderly comorbid major neurocognitive
disorder and depression. The patients received active rTMS showed higher remission rate than the ones
received sham rTMS. The �ndings give support for high-frequency rTMS to be considered as an adjuvant
treatment for depressive symptoms in cognitively compromised elderly patients, especially for its rapid
antidepressant effect bridging the therapeutic gap when antidepressant takes two weeks or longer to take
effect on mood, or through the choices of antidepressant when adverse effect occur.
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AD: Alzheimer’s disease

ADL: Activities of daily living

AEC: Adverse event checklist

BDNF: Brain-derived neurotrophic factor

CSDD: Cornell scale for depression in dementia

DLPFC: Dorsolateral prefrontal cortex

EMG: Electromyography

MNI: Montreal neurology institute

MoCA: Montreal cognitive assessment

MRI: Magnetic resonance imaging

MT: Motor threshold NCD: Neurocognitive disorder

NPI: Neuropsychiatric inventory

MEP: Motor evoked potential

QoL-AD: Quality of Life in Alzheimer's disease scale

RCT: Randomized controlled trial

TE: Echo time

TMS: Transcranial magnetic stimulation

TR: Repetition time
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Table 1
Baseline demographics and clinical characteristics of all participants

  Active rTMS

(n = 27)

Sham rTMS

(n = 28)

t value

(χ2)

P value

Age 69.2 ± 7.1 73.7 ± 7.2 -2.39 0.02

Sex (F/M) 19/8 19/9 0.04 0.84

Education (years) 7.3 ± 4.4 7.5 ± 5.2 -0.10 0.92

CIRS 4.9 ± 3.0 4.1 ± 1.9 1.17 0.25

CSDD 12.7 ± 4.3 11.5 ± 3.7 1.11 0.27

HK MoCA 20.3 ± 5.3 19.9 ± 6.1 0.29 0.78

QoL-AD 29.4 ± 5.8 27.1 ± 7.4 1.06 0.29

CNPI 11.1 ± 8.7 10.6 ± 9.4 0.18 0.86

Note. Data are raw scores and presented as mean ± SD. Abbreviations: CIRS = Cumulative Illness
Rating Scale; CSDD = Cornell Scale for Depression in Dementia; HK MoCA = Montreal Cognitive
Assessment Hong Kong version; QoL-AD = Quality of Life-AD; CNPI = Chinese Neuropsychiatric
Inventory.

Table 2
Score changes of primary outcomes across the intervention groups

  Active rTMS

(n = 25)

Sham rTMS

(n = 27)

t value P value

Post-intervention (T1)        

CSDD 3.24 ± 3.53 2.15 ± 3.22 1.17 0.25

HK MoCA 2.20 ± 1.94 1.89 ± 2.89 0.46 0.65

6th week follow-up (T2)        

CSDD 2.84 ± 2.93 2.22 ± 2.94 0.76 0.45

HK MoCA 2.20 ± 2.47 2.11 ± 2.83 0.12 0.90

12th week follow-up (T3)      

CSDD 3.24 ± 2.83 2.56 ± 4.84 0.62 0.54

HK MoCA 3.04 ± 2.42 1.26 ± 3.37 2.17 0.03

Note. Data are raw scores and presented as mean ± SD. Abbreviations: CSDD = Cornell Scale for
Depression in Dementia; HK MoCA = The Montreal Cognitive Assessment Hong Kong version.
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Figures

Table 3
Raw scores of primary outcomes across the intervention groups

  Active rTMS

(n = 25)

Sham rTMS

(n = 27)

t value P value

Post-intervention (T1)        

CSDD 9.28 ± 4.67 9.22 ± 3.69 0.05 0.96

HK MoCA 22.08 ± 5.15 21.33 ± 6.49 0.46 0.65

6th week follow-up (T2)        

CSDD 9.68 ± 4.60 9.15 ± 3.80 0.46 0.65

HK MoCA 22.08 ± 5.73 21.56 ± 7.04 0.29 0.77

12th week follow-up (T3)      

CSDD 9.28 ± 4.18 8.81 ± 4.96 0.36 0.72

HK MoCA 22.92 ± 5.25 20.70 ± 7.82 1.19 0.24

Note. Data are raw scores and presented as mean ± SD. Abbreviations: CSDD = Cornell Scale for
Depression in Dementia; HK MoCA = The Montreal Cognitive Assessment Hong Kong version.
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Figure 1

Consolidated Standards of Reporting Trials (CONSORT) �ow diagram for neuronavigated HF-rTMS
clinical trial.
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Figure 2

Pipeline of HF-rTMS treatment, including (a) Individual MRI scanning, (b) reconstructing and localizing
targets, (c) measuring the motor evoked potentials (MEP), (d) daily rTMS treatment.

Figure 3

Primary outcome measures of the Cornell Scale for Depression in Dementia (CSDD) and the Montreal
Cognitive Assessment Hong Kong version (HK MoCA). Panel A shows the results for the score change
from baseline in the score on CSDD (Higher score indicating great enhancement). Error bars represent the
standard error (SEM).
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Figure 4

Differences of response rate and remission rate in active rTMS and sham rTMS groups across all time
points.


